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Abstract--The present paper is devoted to the investigation of i.r. spectra (400-4000 cm -I) of 
C1CHzPCIs, CzHsPClz, (C2Hs)2PCl , Ph(CzHs)PC1 in gaseous, liquid and crystalline states and of 
Raman spectra of C1CHzPC1 ~ and CzHsPC1 z in liquid state. The influence of temperature on i.r. 
spectra has been studied. The normal co-ordinate analysis of different conformers of CHsPC1 ~, 
C1CH~PClz and CzHsPC1 ~ has been carried out. The experimental material and normal co-ordinate 
analysis hows that  in C1CH~PCI~, C2HsPC1 j and (C2Hs)IPC1 the internal rotation around the P - -C  
bond is possible and that  these molecules are present in a liquid as a mixture of two rotational 
isomers. The terms I/~ in the decomposition of potential energy of internal rotational into Fourier 
series has been evaluated in the approximation of the harmonic oscillator. 
INTRODUCTION 
The rotat iona l  isomerism and interna l  ro ta t ion  in 
re lat ively s imple phosphorus-conta in ing  molecules 
have  been studied part icu lar ly  by  methods  of 
v ibrat iona l  spectroscopy [1]. However ,  the com- 
pounds  conta in ing 3-valent  phosphorus  have not  
yet  been studied. The present  paper  is devoted to 
the invest igat ion of the v ibrat iona l  spectra and  
interna l  ro tat ion  in the series of ch lorophosphines 
CI~PCHH~ (X = H,  CH 3, C1), C1P(C~HHs) ~ and  
C1PPhC2H 5. The v ibrat iona l  spectra of CI2PCHH s 
and  CI~PCHH2CI had  been invest igated before 
[2-4], and  it  was concluded that  CI2PCH2C1 exists 
ma in ly  in one conformat ion.  But  no theoret ica l  
analysis  has  been made and  the exper imenta l  data  
concerning the spectra  C12PCHI2C1 are incomplete.  
Besides, CI~PCH2C1 used in [4] conta ined a certa in 
percentage of contaminat ions .  
EXPERIMENTAL 
The Raman spectra were obtained with a CODERG 
PHO spectrometer qulpped with He-No laser. Infrared 
spectra were recorded in the frequency range 400- 
4000 cm -1 with a Karl Zeiss UR-20 spectrometer. For 
the investigation of the spectra at low temperatures a 
special cell cooled with liquid nitrogen was used. The 
principal construction of this cell is similar to those 
widely described in literature. All temperatures were 
recorded with a copper-constantan thermecouple, with 
a precision of 4-3 °. 
When investigating the i.r. spectra of crystals, the 
crystalline layer was obtained by cooling down a liquid 
film of the substance between the plates of K.Br and 
:NaCI. Crystallization was observed visually in crossed 
polaroids. To study the i.r. spectrum dichroism there 
was used a polarizer on the basis of transparent 
diffraction gratings [5]. While recording the spectra of 
the gas (saturated vapor) a 200 mm cell was used. The 
conditions of the registration of these spectra changed 
in an optimal range in conformity with the problem 
under investigation. All the investigated compounds 
have been synthesized according to the methods 
proposed in [6-9]. 
RESULTS AND DISCUSSION 
(1) C1CI-I2PC12---vhloromethyldichlorophoaphine 
Some of the spectra are presented in Fig. 1 and 
Table  1. Spectra  in the  range of 600-800 cm -1 
depend on temperature ,  s tate of aggregat ion and  
po lar i ty  of the  medium.  In  t rans i t ion  f rom the gas 
to the l iquid, a change in the re lat ive in tens i ty  of 
spectra l  bands  over the range of 752-780 cm -1 is 
observed (Fig. la,  lb).  The relat ive intens i ty  of 
780 cm -1 spectra l  band in the spect rum of  the  
solut ion of ch loromethyld ich lorophosphine in cyclo- 
hexane is greater,  than  that  in the spect rum of the 
solut ion in acetonitr i le.  When cooling the l iquid 
fi lm down to approx imate ly  --130°C crystal l izat ion 
takes place, there is no 780 cm -1 band in the 
crystal  spect rum (Fig. lc). Though visuM observa- 
t ion in the crossed polaroids undoubted ly  shows 
crystal l izat ion of the  sample, one cannot  observe 
any  notab le  d ichroism of i.r. bands  in the crysta l  
spectrum.  
The tota l  combinat ion  of the exper imenta l  facts 
may be expla ined by  assuming that  the present  
compound is in the form of a mix ture  of the  
rotat iona l  isomers. 780 em -1 band may be assigned 
to a conformat ion  wi th  a greater,  and  752 cm -1 
band- -w i th  a smal ler dipole moment .  A smal l  
red is t r ibut ion of band intensit ies w i th  a decrease 
in temperature  may be expla ined by  the prox imi ty  
of AH to zero. 
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